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Summary 
Most stock assessments in the North Sea, like those of plaice and sole, are currently based on catch statistics 
of landings into ports and not on the catch by the fleets. Discarding is the process where part of the catch 
(usually undersized fish) is thrown back into the sea immediately after being caught. The survival of discarded 
fish is very low. Not taking discards into account in a stock assessment could lead to underestimation of the 
fishing mortality, mostly on the youngest ages. This could lead to systematic differences in catch forecasts and 
errors in the estimation of incoming year classes. 
  
In LNV bestek Ond/2002-1/6c/01 "Verbetering rekenmodel voor visquota" the Dutch Institute for Fisheries 
Research and the Agricultural Economical Institute investigate the potential to improve the stock assessment 
models used in the North Sea.  These stock assessments are the basis for biological advice for the European 
Common Fisheries Policy. This report is the third component of this project, which is aimed at the investigating 
of discards reconstruction from data other than the direct sampling of discards, e.g. from trawl surveys or 
market sampling. 
 
Discards from Dutch beam trawl vessels have been sampled routinely by the Dutch Institute for Fisheries 
Research since 1999. The coverage of these trips in space and time is sparse. There is evidence of a trend in 
the discarding rate, hence the current estimates cannot be projected backwards in time.  The recent estimates 
cannot be used in the stock assessments of the major flatfish species plaice and sole, as the stock assessment 
needs data of the same quality over a longer time series. 
  
This report presents an analysis of the relationship between discard sampling data and surveys or market 
sampling data. When significant relationships are found between discards and survey or market sampling, it 
should be possible to reconstruct discards from survey or market data. The analysis used two models 1) a 
linear model describing relationships at age and 2) a logistic model describing relationships at length. 
  
The analyses at age was based on a linear model that described the relationship between the numbers 
discarded at age, year, surface area and ICES rectangle with the numbers in the surveys for the same strata. 
In the model, the discard data in any year can vary with survey data from one or two previous years (cohort or 
year class effect). The results show that for 1 year old plaice and 1 to 3 year old sole, significant relationships 
exist between the numbers at age caught in the discard trips and in the beam trawl survey (BTS) in the same 
year. The relationships found were exceptionally weak but significant (only a small part of the variation was 
explained). As a result the predictive strengths of these relationships are low. Also this model was not 
corrected for differences in spatial distribution between ICES areas.  Hence it appears that this method has 
limited potential and it is unlikely that this model can be used to extrapolate discard data through the time 
series. 
  
The analysis at length utilized a logistic model that described the relationship between a transformed ratio of 
numbers at length in the discard trips and numbers at length in the surveys or the market sampling. As 
expected, the surveys caught more fish at smaller lengths than the discard trips and with increasing length 
relatively more fish were caught in the discard trips than in the surveys for both plaice and sole. This 
relationship however did not exist between discard trips and market sampling. A strong year effect was found 
for plaice, indicating that the relationship is heavily dependent on the year in which the data are collected. 
  
We conclude that the two models used in this study did not bring what we wanted, i.e. a quantifiable 
relationship to extrapolate discards data to other parts of the time series. The report makes suggestions for 
future ways forward, including analysis of observations prior to the official discard programme and the use of 
wider and more flexible area categories. 
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Samenvatting 
De meeste bestandschattingen van visbestanden in de Noordzee, waaronder die van schol en tong, zijn 
momenteel gebaseerd op aangevoerde vis in plaats van gevangen vis. Discarding is het proces waarbij een 
deel van de vangst (meestal de ondermaatse exemplaren) direct op zee weer overboord wordt gezet. De 
overleving van vissen die weer overboord zijn gezet (discards) is erg laag. Het niet meenemen van discards in 
een bestandsschatting zou een behoorlijke onderschatting van de visserijsterfte kunnen veroorzaken, met 
name op de jongste leeftijden. Dit zou kunnen leiden tot systematische afwijking in de vangstvoorspellingen. 
 
In LNV bestek Ond/2002-1/6c/01 “Verbetering rekenmodel voor visquota” onderzoeken het Nederlands 
Instituut voor Visserij Onderzoek en het Landbouw Economisch Instituut de mogelijkheden om de modellen te 
verbeteren die momenteel voor de bestandschattingen in de Noordzee worden gebruikt en die de basis 
vormen voor de biologische advisering inzake het Europese visserijbeheer. In dit rapport worden de resultaten 
van het derde onderdeel van dit project gepresenteerd dat is gericht op het maken van een reconstructie van 
discards voor jaren waarin geen bemonstering heeft plaats gevonden, aan de hand van gegevens van 
bijvoorbeeld surveys (bestandsopnames door onderzoeksschepen) en marktbemonsteringen.  
 
Sinds 1999 wordt door het Nederlands Instituut voor Visserij Onderzoek op routinematige wijze onderzoek 
gedaan naar discards aan boord van Nederlandse boomkor schepen. De dekking van deze reizen in ruimte en 
tijd is echter beperkt en ze kunnen niet zonder meer worden gebruikt in de bestandsschattingen van de 
belangrijkste platvissen schol en tong. De reden hiervoor is dat de bestandsschattingen vergelijkbare 
gegevens nodig heeft over een langere tijdsperiode, omdat anders de recente vangstgegevens niet 
vergelijkbaar zijn met de eerdere vangstgegevens. 
 
In deze rapportage worden de resultaten gepresenteerd van analyses tussen enerzijds de gegevens die zijn 
verzameld tijdens discardreizen en anderzijds de gegevens van de surveys of de marktbemonsteringen. Indien 
afdoende relaties gevonden zouden worden tussen gegevens afkomstig van discardreizen en surveys of 
marktbemonstering, zou het mogelijk zijn om discards te reconstrueren uit de survey- en/of marktgegevens 
voor de jaren waarin geen discards zijn bemonsterd. In de analyses zijn twee modellen gebruikt: 1) een lineair 
model voor de relaties per leeftijd en 2) een logistisch model voor de relaties per lengtegroep.  
 
De analyses per leeftijd zijn gebaseerd op een lineair model dat de relatie beschrijft tussen de aantallen 
discards per leeftijd, per jaar, per oppervlak en per ICES kwadrant met de aantallen in de surveys voor 
diezelfde strata. De discardgegevens in een bepaald jaar kunnen in dit model variëren met de surveygegevens 
van één of twee jaar daarvoor (het zogenaamde cohort of jaarklas effect). De resultaten laten zien dat voor 1-
jarige schol en voor 1 tot 3 jarige tong een significantie relatie bestaat tussen de aantallen per leeftijd in de 
discardreizen en in de boomkor survey (BTS) in hetzelfde jaar. De gevonden relaties zijn echter bijzonder klein 
en hebben een lage r2 (slechts een relatief klein deel van de variantie werd verklaard door de relaties). Daarom 
is de voorspelwaarde van deze resultaten laag. Bovendien wordt het model niet gecorrigeerd voor verschillen 
in ruimtelijke verspreiding tussen verschillende ICES kwadranten, zodat het niet algemeen toepasbaar is. De 
conclusie van deze analyse is dan ook dat het geen bruikbare modellen heeft opgeleverd waarmee 
discardgegevens kunnen worden geëxtrapoleerd naar periodes waarin geen waarnemingen van discards zijn 
gedaan. 
 
De analyses per lengte zijn gebaseerd op een logistisch model dat de relatie beschrijft tussen een 
getransformeerde verhouding van de aantallen in de discardreizen en de aantallen in de surveys of de 
marktbemonstering per lengtegroep. Met het toenemen van de lengte worden relatief meer vissen in de 
discardreizen gevangen dan in de surveys voor zowel schol als tong, terwijl dit niet optrad voor de vergelijking 
met de marktbemonstering.  
In het model werden voor schol sterke jaareffecten waargenomen, hetgeen erop wijst dat de gevonden relaties 
sterk afhankelijk zijn van het jaar waarin de gegevens zijn verzameld.  
We concluderen dat de twee methoden die in deze studie zijn toegepast niet hebben opgeleverd wat ze 
hadden beoogd: een gekwantificeerde relatie die het mogelijk zou maken om discardgegevens te kunnen 
extrapoleren naar periodes waarin geen waarnemingen van discards zijn gedaan. In het rapport wordt een 
aantal suggesties gedaan om verdere analyses op te zetten waarbij discardgegevens van eerdere periodes 
meegenomen kunnen worden. Tevens zal worden onderzocht of een minder strikte ruimtelijke definitie de 
analyses robuuster zou kunnen maken.  
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1. Introduction 
Each year fish stocks are assessed within ICES Working Groups (International Council for the Exploration of 
the Sea) with stock assessment models based on Virtual Population Analysis (VPA) (Pope, 1972). VPA 
models estimate historical and present stock sizes and exploitation levels, and are used to derive short and 
medium-term catch forecasts (Bestek 6c, model evaluatie - proef 2). VPA models create virtual populations at 
age calculated from total mortality at age during a year. This mortality consists of both natural and fisheries-
induced mortality. Natural mortality is generally not estimated but is assumed to be a constant factor for each 
age. For most North Sea stock assessments, estimates for fisheries-induced mortality are based only on 
landings-at-age data (ICES 2002) and do not take the variable mortality due to discarding into account (Casey 
1993; Van Keeken et al. 2003). 
 
Including discard data in stock assessments is generally considered to improve the precision of mortality and 
recruitment estimates (Anon. 2003) and result in the re-scaling of our perception of the biomass series 
(Dingsor 2001, ICES 2002) and the yield per recruit curve (Casey 1993). When discarded fish are not 
accounted for in stock assessments, fishing mortality on the younger age classes may be underestimated 
(Dingsor 2001). Including discards is of prime importance when discards patterns vary over time due to e.g. 
yearclass effects, changes in growth or changes in TACs (Anon. 2003, Van Keeken et al. 2003). The addition 
of discards with very high variance compared to the landings data, which is relatively precise (Maxwell, et al., 
2001; O’Brien et al., 2001a;b; Pastoors et al., 2001), could potentially make it difficult to trace yearclass or 
length class effects through the population (Anon 2003). When discards patterns are constant over time, the 
inclusion of discards would be a scaling parameter that does not affect the perception of the dynamics of the 
stock (Anon 2003, Kraak et al. 2003).  
 
Discard data from trips made with Dutch beam trawlers are not comprehensive enough to derive discard 
numbers at age for the whole assessment time series, because of gaps in the temporal coverage and high 
between ship variation. Detailed information on discarding is collected at sea by observers onboard fishing 
vessels and is expensive and labour intensive. Sampling of Dutch beam trawl vessels took place for only a 
limited number of trips during 1976-1983, 1989-1990 and from 1999 onwards. Spatial and temporal coverage 
of the fishing fleet during these periods could therefore not be achieved.  
 
LNV bestek Ond/2002-1/6c/01 “Verbetering rekenmodel voor visquota” aims at improving the technical and 
management use of the models used in present stock assessments in the North Sea to provide TACs and 
quota allocation through the Common Fisheries Policy. Task 3 of this project aims at identifying new ways of 
estimating discards and the variation in discards due to biological and economical factors:  
 
How can discard time series be constructed and what is the influence of these time series on stock 
assessment models.  
 
The goal of this project is to obtain discards estimates that can be used to reconstruct discard time series, 
which are less expensive than the present discards estimates from the observer trips. If possible, the influence 
of these reconstructed time series on stock assessments will be explored.    
 
In this project the relationships between observations from discard, survey and market sampling programmes 
have been quantified, with the aim of estimating discards from survey and market data for years in which no 
discards were sampled onboard. It was realised early in the project that the data were too sparse to recreate 
discard time series using these methods, so this project spent greatest effort examining the datasets and 
potential methods for use in the future, once larger datasets become available. 
 
 
The approach of quantifying the relationships between discards and survey and market data comprises two 
methods: 
1) The relationships between discard numbers at age derived from the discard sampling programme 
and numbers at age from surveys or market landings data will be analysed for plaice and sole; 
2) The length-frequency distributions of plaice and sole at sampling stations from survey and market 
sampling programmes will be compared with length-frequency distributions of discarded and landed 
fish sampled onboard commercial vessels. 
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If these relationships can be quantified, catches in the discard sampling trips and thus discards, can be 
predicted from the catches in the surveys, or market data, and discards series can be reconstructed. 
 
Chapter 2 will give a description of the data and the methods used. First the data sources and raising 
procedures will be described. The last part of this chapter will give a description of the models used to analyse 
the data. In chapter 3 the results will be given. A general overview of the data will be presented. Finally chapter 
4 will be the discussion and recommendations. 
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2. Methods 
2.1 Data sources 
In order to derive estimates of discards from surveys or market data, discard estimates from the discard 
sampling programme need to be known. For the analysis three different data sources are used: 
1) Estimates of discard and landings data from the  “data collection regulation” discard sampling 
programme 
2) Annual landings from the Dutch market sampling programme (MARSAM); 
3) Data from three demersal surveys. 
 
In this report we use the following definitions: 
• Discards: part of the catch of fishermen returned to the sea; 
• Landings: part of the catch of fishermen retained; 
• Catch:  the total catch, consisting of both landings and discards; 
• Discard sampling data: data on discards and landings from commercial vessels 
 sampled for the discard sampling programme; 
• Discard trips trips made with commercial vessels for the discard  
 sampling programme; 
• Market data:   data on landings obtained at the Dutch auctions for the 
 market  sampling programme; 
• Survey data:  data from fisheries independent surveys by research 
 vessels; 
 
Discard project sampling 
Since 1999 onwards beam trawl vessels have been sampled for discards for the discard sampling project. 
Selection of the vessels is based on co-operative sampling (ICES 2000), which means that co-operation of a 
skipper with the project is on a voluntarily basis. At present 10 trips are sampled annually and during each trip 
at least 60% of the hauls are sampled for discards and landings (Van Beek 2001). For each sampled haul, a 
sub-sample of the discards is measured. Fish are counted and measured while all benthic invertebrates are 
counted. Total and sampled volume of discards is recorded. Also a sub-sample of the fish landings is 
measured, and total and sampled weight is recorded (Van Damme et al. 2003). During 1976-1983 and 1989-
1990 beam trawl vessels were also sampled for discards. Unfortunately, numbers discarded and landed from 
these programmes are not available at haul level and therefore, could not be used in the analysis. 
 
The current analysis is restricted to plaice and sole because catches of whiting or cod in the 1999-2003 discard 
sampling programme are too low for this type of investigation. 
 
Market landings sampling 
Annual sampling of the landings in the Netherlands has been carried out since 1957 for demersal species. The 
information collected in the sampling programme covers annual and quarterly age-length keys, length 
distributions, weight at age and maturity at age. Combined with national statistics on nominal landings by size 
categories, age distribution of landings can be constructed. Sampling of landings is restricted to 4 major 
landing ports (Den Helder, Stellendam, Urk and IJmuiden). Landings from these ports account for about 80% 
of the national landings. The number of samples taken is approximately proportionate to the expected landings 
in these ports and takes account for differences in effort of various fleet components in different fishing areas 
(De Vries et al. 2003). 
 
Demersal surveys  
Each year three surveys targeting plaice and sole are conducted in the North Sea (Van Damme et al.  2003): 
Beam Trawl Survey (BTS), Sole Net Survey (SNS) and Demersal Fish Survey (DFS). 
 
The BTS was initiated in 1985 with the aim of establishing indices of abundance of plaice and sole at ages 1-
10. The survey is conducted in August and September and uses a pair of 8-m beam trawls with 40 mm 
stretched mesh cod-ends. Each year the same ICES rectangles are fished with, depending on the rectangle, 1-
4 hauls. Within the ICES rectangles the positions of the stations are chosen on a pseudo-random basis taking 
unfishable areas into account. 
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The SNS was initiated in 1969 with the aim of establishing indices of abundance of plaice and sole at ages 0-3. 
The survey is conducted in September and October and uses a pair of 6-m beam trawls with 40 mm stretched 
mesh cod-ends. Each year 10 fixed transects (parallel or perpendicular to the coastline) along the Dutch, 
German and Danish coast are sampled with at least 4 hauls per transect. The positions of the stations are 
chosen such that the entire depth-range of the transect is covered. 
 
The DFS was initiated in 1969 with the aim of developing abundance indices for ages 0-1 plaice and sole. The 
survey is conducted from September/October (estuaries) to October/November (coastal zone). In estuaries a 
3-m shrimp net is used, while in the coastal zone a 6-m beam trawl is used, each with 20-mm stretched mesh 
cod-ends. Each year 200-300 hauls of 15 minutes are made along the Dutch, German and Danish coast, as 
well as the Westerschelde, Oosterschelde, Wadden Sea and the Eems-Dollard. 
 
2.2 Raising procedures 
 
For the analysis in this report, numbers of plaice and sole were raised to numbers per age group and hectare 
caught per haul for the discard sampling programme and the surveys, and per trip for the market sampling 
programme.  
 
Raising discards and landings from discard sampling programme 
The sampled number of discards per length class was raised per haul to the total number of discards per 
length class: 
 
hl
h
h
hl ndv
V
Nd ,, =     (1) 
 
where Ndl,h is the total number of fish discarded at length (l) in haul (h), Vh the total volume of discards in haul 
(h), vh the sampled volume of discards in haul (h) and ndl,h the sampled number of fish discarded at length (l) in 
haul (h). 
 
The sampled number of landings per length class was raised per haul to the total number of landings per 
length class: 
 
hl
h
h
hl nlw
WNl ,, =     (2) 
 
where Nll,h is the total number of fish landed at length (l) in haul (h), Wh the total weight of a species landed in 
haul (h), wh the weight of the sampled fraction of a species landed in haul (h) and nll,h the sampled number of 
fish landed at length (l) in haul (h). 
 
Numbers discarded and landed at length per haul and hectare were calculated from numbers discarded and 
landed at length per haul: 
 
hha
hl
hahl TC
N
N
*
,
,, =     (3) 
 
where Nl,h,ha is the number of fish at length (l) in haul (h) per hectare (ha), Nl,h the total number of fish at length 
(l) in haul (h), Cha the mean number of hectare fished per hour by a beam trawl vessel and Th the haul duration 
in hour. Cha is calculated as the mean trawling speed of a beam trawl vessel multiplied by the width of the 
fishing gear and is estimated for large beam trawl vessels at 28.8 ha/hour (Grift et al. 2003). 
 
 
 
 
Page 10 of 52 RIVO report C024/04 
 
 
 
Raising market landings 
Data from the market sampling programme on landings were available on trip level. The sampled number of 
landed fish per length class was raised per trip to the total number of landings per length class: 
 
tl
t
t
tl nlw
W
Nl ,, =     (4) 
 
where Nll,t is the total number of fish landed at length (l) in trip (t), Wt  the total weight of a species landed in trip 
(t), wt the weight of the sampled fraction of a species landed in trip (t) and nll,t the sampled number of fish 
landed at length (l) in trip (t). 
Numbers landed at length per hectare were calculated per trip from numbers landed at length per trip: 
 
tha
tl
hatl TC
Nl
Nl
*
,
,, =     (5) 
 
where Nll,t,ha is the number of fish landed at length (l) in trip (t) per hectare (ha), Nll,t the total number of fish 
landed at length (l) in trip (t), Cha the mean number of hectare fished per hour by a beam trawl vessel and Tt  
the total trip duration in hour, obtained from the VIRIS database. 
 
Raising surveys 
The sampled numbers of fish per length class were raised per haul to total number per length class: 
 
hl
h
h
hl nv
V
N ,, =      (6) 
 
where Nl,h is the total number of fish caught at length (l) in haul (h), Vh the total volume of fish in haul (h), vh the 
sampled volume of fish in haul (h) and nl,h the sampled number of fish at length (l) in haul (h). 
 
Number of fish at length per haul and hectare was calculated from number of fish at length per haul: 
 
hha
hl
hahl TC
N
N
*
,
,, =     (7) 
 
where Nl,h,ha is the number of fish at length (l) in haul (h) per hectare (ha), Nl,h the total number of fish at length 
(l) in haul (h), Cha the mean number of hectare fished per hour by a beam trawl vessel and Th the haul duration 
in hour.  
 
Age composition 
The age composition was derived from the distribution of numbers at length over different age groups using 
age-length keys:  
 
 
hahlalhahal NfN ,,,,,, ∗=    (8) 
 
where Nl,a,h,ha is the number of fish at length (l) and age (a) per haul (h) (trip for market sampling) and hectare 
(ha), f l,a  the fraction of fish at length (l) with age (a) and Nl,h,ha the number of fish at length (l) per haul (h) (trip 
for market sampling) and hectare (ha).  
 
Numbers at length and age per haul/trip and ha were eventually summed to obtain numbers at age per 
haul/trip and hectare.  
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2.3 Data analysis 
 
The data analysis focused on quantifying the relationships between discard sampling data on the one hand 
side, and survey or market sampling data on the other hand side. Such relationships explain the variation in 
catches in the discard trips from the variation in the catches in the surveys or the landings from the market 
respectively. The relationships were quantified by analysis of variance in two ways, one using a linear model 
and the other using a logistic model. The linear model quantitatively describes the relationships between 
discard sampling catches and survey catches of specific age groups. The logistic model describes the 
relationships between discard sampling catches and survey catches or market landings for certain length 
classes. If these relationships were known, it could in principle be possible to extrapolate and estimate 
discards for years in which discards were not sampled. 
 
1). Analysis of discarding per age group 
In this analysis the numbers discarded at age per hectare in an area in the discard sampling trips were 
compared with the numbers at age caught in the three surveys in that area. To test whether year-class-
strength had an effect on the number of discards per hectare, data from several years of a year class were 
used. The assumption being tested is that the discarding of a certain year class in the discard trips is related to 
the catch of this same year class in the surveys over several years (e.g. the catch of age 4 fish in the discard 
trips in 1999 may be related to the catch of age 4 fish in the surveys in 1999, age 3 in 1998, age 2 in 1997, age 
1 in 1996 and age 0 in 1995). Because the catches per age group were estimated per area, the effect of area 
was included in the model. This analysis was carried out for ages 0 to 4. Because data from the discard 
sampling trips were only available from 1999-2002, survey data from 1995-2002 were selected.  
 
The following general linear model was used: 
 
Nda,y,ha ~ Areai + NsBTS,a,y,ha + NsSNS,a,y,ha + NsDFS,a,y,ha + … + NsBTS,a-n,y-n,ha +  
NsSNS,a-n,y-n,ha + NsDFS,a-n,y-n,ha         (9) 
 
where Nd is the number of discards at age (a) per year (y) and hectare (ha), Ns is the catch in the surveys at 
age per year and hectare, and n the number of years the year class was followed back in time, where n varies 
from 0 to the number of years followed back that the fish were age 0. 
 
It was tested whether the residuals were normally distributed (Wilk-Shapiro test, p>0.05) and non-significant 
terms (α=0.05) were removed from the models. 
 
2). Analysis of discarding per length class 
In this analysis, the relationships between length-frequency (LF) distributions in the discard sampling data on 
the one hand and the market sampling data or the survey data on the other hand were investigated and 
quantified. The number of fish of a length class discarded or landed during a discard trip was compared with 
the number of fish caught in a survey. In an ideal situation, hauls from the discard trips take place at the same 
time and location as hauls in the survey. This would yield ideal replicate hauls. This situation did not occur and 
replicate hauls were approximated. It was assumed that hauls from one year, one quarter and one ICES 
rectangle were replicate hauls made under the same conditions. The number of observations did not allow for 
a more detailed treatment. Contrasting with the analysis concerning the survey data, the analysis of differences 
between discard and market samples was carried out at an even larger spatial scale with four ICES rectangles 
being pooled into one area, because there were too few observations to allow for an analysis at the ICES 
rectangle level. If hauls in the discard sampling or survey/ market sampling were carried out in the same 
quarter, year and area (ICES rectangle for surveys or four ICES rectangles for the market sampling), the hauls 
were pooled into one averaged length-frequency distribution per data source.  
 
Differences in length-frequency distributions between discard data and survey or market data were analysed 
using linear models (Mous et al. 2002). The catch in the discard sampling programme and surveys or market 
sampling landings was compared by estimating the proportion of all fish of a certain length class caught during 
the discard trips.  For example, suppose that in one year, quarter and ICES rectangle, catches were measured 
on board of a commercial vessel and on board of a research vessel. Of plaice of 30 cm, 0.32 per hectare were 
caught in the survey, and 0.30 with the commercial vessel (Table 1). The total catch was 0.62 per hectare 
(0.30+0.32) and the proportion of the total that was caught with the commercial vessel was 49 % (100 x 
0.30/0.62).  
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The relationships between fish caught in the discard trips and fish caught in the surveys or sampled at the 
market were modelled with a logistic model. The dependent variable was the proportion of the total number of 
fish caught during the discard trips. Independent or explanatory variables are year, area and length class. This 
is explained in more detail in box 1. 
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Box 1: Logistic model explained 
 
Table I. Example of the dataset of plaice used in the analysis for surveys and discard sampling trips. Columns: 
A: year; B: quarter; C: ICES rectangle; D: Length class (cm); E: catch in the survey (BTS, numbers per 
hectare); catch in the discard sampling trips (numbers per hectare); G: total number of hauls; H sum of total 
catch in both surveys and discard sampling trips (E+F);I: fraction of total catch caught in discard sampling trips 
(F/ H). 
A B C D E F G H I 
Year Quarter ICES rect Length  
(cm) 
Survey Discard 
sampling trips 
Hauls Sum Fraction 
in discard 
trips 
1999 3 33/F3 13 0.00 0.13 6 0.13 1.00 
1999 3 33/F3 14 0.00 0.13 6 0.13 1.00 
1999 3 33/F3 15 0.61 0.00 6 0.61 0.00 
1999 3 33/F3 16 0.00 0.13 6 0.13 1.00 
1999 3 33/F3 17 1.22 0.44 6 1.66 0.27 
1999 3 33/F3 18 4.56 1.03 6 5.59 0.18 
1999 3 33/F3 19 3.20 1.18 6 4.37 0.27 
1999 3 33/F3 20 3.20 1.69 6 4.88 0.35 
1999 3 33/F3 21 4.18 1.99 6 6.17 0.32 
1999 3 33/F3 22 2.58 1.68 6 4.26 0.39 
1999 3 33/F3 23 5.17 1.40 6 6.57 0.21 
1999 3 33/F3 24 4.93 1.76 6 6.70 0.26 
1999 3 33/F3 25 4.56 1.11 6 5.67 0.20 
1999 3 33/F3 26 1.75 1.55 6 3.30 0.47 
1999 3 33/F3 27 2.24 1.46 6 3.71 0.39 
1999 3 33/F3 28 0.47 1.02 6 1.49 0.68 
1999 3 33/F3 29 0.16 0.69 6 0.85 0.81 
1999 3 33/F3 30 0.32 0.30 6 0.62 0.49 
1999 3 33/F3 31 0.81 0.20 6 1.01 0.19 
1999 3 33/F3 32 0.15 0.27 6 0.42 0.64 
1999 3 33/F3 33 0.00 0.04 6 0.04 1.00 
1999 3 33/F3 34 0.00 0.08 6 0.08 1.00 
1999 3 33/F3 35 0.00 0.12 6 0.12 1.00 
 
In the statistical analysis, the response variable pi was defined as: 
 
     Pl,h,ha = Ndl,h,ha  / (Ndl,h,ha + Nsl,h,ha)               (10) 
 
where Pl,h,ha is the proportion of the total catch of length class (l) per haul (h) and hectare (ha) caught in the 
discard sampling trips (column I in Table 1), Ndl,h,ha is the catch in numbers at length per haul and hectare in 
the discard sampling trips (column F) and Nsl,h,ha is the catch in numbers at length per haul and hectare in the 
survey (column E). Pl,h,ha has a binomial distribution which is difficult to model. Therefore, this proportion was 
logit-transformed: : 
      g =  log (Pl,h,ha / 1-Pl,h,ha)                  (11) 
 
 
With this transformation, the response variable (the transformed proportion) could be linked to a linear model. 
This model was defined as a function of fish length using year (y) as a factor:  
 
     g ~ Y + I + I2 + I3                               (12) 
 
The quadratic (l2) and cubic (l3) terms of length were included to allow the selection curve to be a parabola (if l2 
is significant) or a polynomial function (if l3 is significant). Non-significant terms (α>0.05) were removed from 
the models. If none of the length terms would be significant, there would be no difference in selection curves 
between discard sampling trips and surveys. Under the assumption that selectivity and efficiency of both 
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fisheries are equal, the expected proportion of fish caught in the discard trips (pi ) would be 0.5 for all length 
classes (Mous et al. 2002). Depending on the significance of the length terms, the selection curve can have 
various shapes (Figure I).  
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Figure I. Illustration of the results of the statistical analyses, with fish length on the x-axis, and the proportion of 
the total catch in discard sampling trips and surveys taken by the discard sampling trips on the y-axis. The 
white circles are observed proportions, the solid thick line the model-predicted proportion and the thin solid 
lines the 95 % confidence limits of the mean. The vertical hatched line indicates the minimum landing size of 
plaice (27 cm). The grey area indicates when the proportion of the total catch is higher in the discard trips 
whereas the white area indicates when it is higher in the surveys. Panel a) presents a logistic model in which 
only one term of length (l) is included (R²=15%), b) presents a parabolic selection curve in which two terms for 
length (l and l2) are included (R2=37%) and c) presents a polynomial selection curve in which three terms (l, l2 
and l3) are included (R2=75%). 
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3. Results 
Section 3.1 gives an overview of the data used for the statistical modelling. The results of the modelling of 
discards at age with a linear model are given in section 3.2, and the results of the modelling of discarding at 
length with a logistic model are given in section 3.3. 
 
3.1 Data description and coverage 
During 1999-2002, a total of 26 trips were sampled for the discard sampling programme (Table 1). The trips 
were not distributed uniformly over all quarters, ranging between 1 and 5 trips per quarter. The mean sampling 
effort per quarter varied between 61 and 92 hours per trip. In terms of effort, the percentage coverage of the 
sampled discard trips to the total beam trawl fleet varied per quarter between 0.05% and 0.27%.  
 
Because of the low intensity of sampling in some quarters, only parts of the North Sea could be spatially 
covered by the discard trips (Figures 1.1–1.4). In some cases only one haul was sampled for discards in a 
certain ICES rectangle (quarter 3, 1999) or only few ICES rectangles were sampled (quarter 3, 2002). Data 
from trips sampled for the market sampling programme were easier to obtain and as a result a larger area of 
the North Sea was covered (Figures 1.5-1.8). However not all ICES rectangles were covered each quarter. 
The BTS survey covered most ICES rectangles (Figure 1.9) while the SNS mainly covered the more coastal 
zone areas (Figure 1.10) of the North Sea. Since both surveys are quarter 3 surveys, comparing survey data 
with data from the discard trips was only possible for this quarter. The DFS survey was conducted in quarter 3, 
as well as quarter 4 (Figures 1.11-1.12) in the shallow inshore areas, making direct comparisons with discard 
data, which are collected offshore, difficult.  
    
The number of hauls sampled during the discard trips (Table 2) with plaice catches varied greatly per quarter 
during 1999-2002, with 20-154 hauls per quarter sampled for discards and 12-87 sampled for  landings. For 
sole the number of hauls with discards and landings reported (Table 3) was lower than for plaice during the 
same trips. Sole discards were reported in fewer hauls (1-69) compared to the number of hauls where sole 
landings were reported (9-94) per quarter over 1999-2002.  
 
The number of trips with plaice landings from the market sampling programme varied per quarter between 15-
27, while for sole it varied between 13-25. For plaice caught in the BTS and SNS the number of hauls did not 
differ greatly per year (BTS 151-159, SNS 48-55). For the DFS the number of hauls varied between 213-265 
hauls per year. For sole the number of hauls was lower for all 3 surveys (BTS 89-99, SNS 36-49, DFS 172-
215) compared with plaice. 
 
In the discard trips plaice appeared in larger numbers at around 11 cm and larger (Figure 2), while the highest 
numbers were caught at around 20 cm. The length frequency distribution from the market sampling 
programme followed the distribution from the discard trips for marketable sizes. Plaice appeared in the surveys 
at smaller length than in the discard trips and also the highest catch at length was at smaller lengths, usually 
around 10-13 cm. 
Sole started to appear in the discard trips at 15 cm (Figure 3) and both discard trips and market observations 
showed the peak in the length frequency distribution at around 25 cm. In the DFS the highest number caught 
was at a length of around 10 cm, while for the both the SNS and the BTS this peak in length frequency 
distribution was at around 20 cm. 
 
3.2 Analysis of discarding per age group 
The number of samples that were available to analyse the relationships between discarding of age groups and 
their catches in the surveys was limited (Table 4), which made a reliable analysis difficult.  
The analysis showed that the catch of an age group in the BTS in a certain year had the highest explanatory 
value for the discarding of that age group in the commercial fisheries in that very year (Table 5). Only catches 
of 1- and 4-group plaice and 1-, 2- and 3-group sole could be explained by catches in the surveys. 
 
For plaice and sole there were significant positive relationships between the discarding of certain age groups in 
specific areas and the catches of these age groups in the BTS in the same year and area (Figure 4-7). This 
was true for age 1 plaice and for age 1, 2 and 3 sole. For age 4 plaice, the numbers discarded were not only 
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explained by the numbers of age 4 caught in the same year in the BTS, but also by the numbers of age 2 fish 
caught 2 years ago in the BTS in the same area.  
 
3.3 Analysis of discarding per length class: 
3.3.1 Discard sampling and surveys 
Data from 227 hauls for plaice and 122 for sole could be used to analyse the length-frequency distributions in 
the surveys and the discard trips (Table 6). As explained above, the areas sampled in the BTS overlapped 
more with the areas fished during the discard trips compared with the SNS and DFS and discard trips, and 
consequently, more hauls could be analysed from this survey. 
 
The length-frequency distributions of plaice varied significantly among the discard trips and the surveys (Figure 
8). In all surveys, the highest numbers of fish were caught at around 10 cm. At these length classes plaice 
were hardly caught in the discard trips where the fish appeared at larger lengths. At 20 cm and larger, the 
length frequency distributions in the discard trips and the BTS more or less overlapped, whereas plaice of 
these lengths were virtually absent in the SNS and DFS. As a consequence, the curve that represents the 
proportion of fish caught in the discard trips of the total number of fish caught in the discard trips plus the BTS 
is rather parabolic (panel b in Figure I in box 1): with increasing length relatively more fish were caught in the 
discard trips up to the minimum landing size of 27 cm, after which this proportion remained high but then 
slightly decreased. In the SNS and DFS this curve was more logistic (panel a in Figure I in box 1): with 
increasing length relatively more fish were caught in the discard trips. In these figures, the curves are only an 
indication and their exact shape will be discussed below. 
 
The length-frequency distributions of sole show that in general, below the minimum landing size of 24 cm sole 
were caught at higher numbers in the surveys whereas above this size they were more abundant in the discard 
trips (Figure 8). As a consequence, the selection curves were logistic in all surveys: with increasing length, 
relatively more fish were caught in the discard trips. Among the three surveys, the peaks in the length-
frequency distributions varied. At the minimum landing size there was a dip in the length-frequency 
distributions in the discard trips. 
 
In 1999 and 2002, most plaice were caught in the surveys at lengths below 20 cm and above 40 cm. In 2000, 
surveys caught more fish per hectare for all lengths. The selectivity curve showed a peak around 27 cm, the 
minimum landing size of plaice: at this length, relatively most fish were caught in the discard trips. 
 
For plaice in the BTS, the model explained 36 % of the deviance and all terms of the model were significant 
(Table 7). Consequently, the selectivity curve was described by a third degree polynomial function (Figure 9). 
The effect of the third order terms of length (l3) was weak (it only explained an additional 0.4 % of the 
deviance), and the selection curve was almost a parabola.  Up to the minimum landing size, catches in the 
discard trips relatively increased and beyond this minimum size the selectivity curve bent downward giving the 
curve a parabolic shape.  
 
However, the confidence limits of the model predictions were large and selectivity predictions for lengths above 
the minimum landing size do not seem very useful. For plaice in the SNS, the catch in the discard sampling 
trips was almost zero at 12 cm, increased at larger lengths and was larger than in the SNS at 20 cm and larger 
(Figure 10). The selection curve showed a dip around 34 cm. As for the BTS selection curve, model predictions 
for the SNS above the minimum landing size had very wide confidence limits. For the DFS, plaice larger than 
16 cm in 1999 and larger than 25 cm in 2000 were caught at higher numbers per area swept in the discard 
trips (Figure 11) compared to this survey. In the model for 1999, confidence limits were narrow and in 2000 
they widened making the model almost useless for lengths above the minimum landing size.  
 
For sole, more fish of 21-36 cm were caught in the discard trips. The selection curve of BTS-discard trips was 
parabolic because the third order term for length was non-significant (Table 7). In contrast to plaice, the 
selection curve of sole did not peak at the minimum landing size (24 cm) but at 32 cm in all years (Figure 9). 
From lengths of 36-42 cm onwards the catch in the discard trips was lower than in the BTS but the confidence 
limits around the model predictions were very wide. For the SNS-discard trips selection curves, the catch in the 
discard trips was larger from lengths of 23 cm (Figure 10). The inflexion point of the selection curve was the 
minimum landing size: below this length sole was more abundant in the SNS and above this length it was more 
abundant in the discard sampling trips. Around all model predictions, confidence limits were narrow as 
 
 
 
RIVO report C024/04 Page 17 of 52  
 
 
 
compared to other models. For the DFS, more sole of 21-36 cm were caught in the discard trips than in this 
survey (Figure 11). 
 
The wide confidence limits shown in Figures 9-11 form a major problem when the models are used to predict 
the number of discards from survey catches. These wide confidence limits however, occur at sizes of no 
interest to investigators interested in constructing discard time series. It must also be realized that the 
confidence limits presented there are confidence limits of the mean, confidence limits for predictions are thus 
even wider. Therefore, the models were reviewed and only the logistic selection models were selected: i.e. 
selection models from which quadratic and polynomial terms were removed. Obviously, these models 
explained a lower proportion of the total deviance, but their predictions have much narrower confidence limits 
(Figures 12, 13 and 14) and seem more useful for future predictions.  
 
3.3.2 Discard sampling and market sampling 
In total, 51 market samples of plaice and 48 samples of sole were available for a statistical comparison with 
samples from the discard trips (Table 8).  
 
Length-frequency distributions of landed fish measured during a discard trip and measured in the market did 
not differ significantly (Table 9; Figure 15). For plaice, the numbers per hectare were more or less similar 
between discard sampling trips and market samples whereas for sole, the numbers per hectare were higher in 
the samples collected during the discard trips. Obviously, only a few fish were recorded in the market samples 
that were below minimum landing sizes (Figure 15). 
 
When all fish (landings plus discards) from the discard trips were taken in the analysis, the length-frequency 
distributions of plaice and sole in the market and the discard trips differed significantly (Table 10). For plaice, in 
general, the numbers caught during the discard trips relatively decreased with length (Table 10; Figure 16). 
The curve showed a sharp decline just around the minimum landing size. Thus, just below this size, almost no 
fish were present in the market samples and above this size, fish were observed both in the market and in the 
discard trip samples. The curve showed a peak at sizes of 40 cm. For sole, the selection curves did not vary 
among years and were described by a parabola that had a minimum around 30 cm (Figure 13).   
 
 
 
 
Page 18 of 52 RIVO report C024/04 
 
 
 
4. Discussion 
 
The current study aimed to develop models that would allow the extrapolation of discards data to those years 
in which discards have not been sampled. The case studies have focussed on North Sea plaice and sole. The 
models developed here form useful starting tools to investigate the relationships between discard and non-
discard sampling programmes.  
 
The study has shown that clear links exist between estimates from discard sampling data and survey or market 
sampling data. The relationships between discards data and auxilliary data had significant year effects, 
particularly in plaice, which severely limits the possibility of extrapolation. The analyses did not provide strong 
enough evidence to develop a model for extrapolation of discards data to unsampled years when based only 
on the most recent years of discards data.  
 
There are problems associated with the discard data due to sampling procedures and vessel selection. Close 
analysis of the length frequency distributions of the discards trips (Figures 2 and 3) showed a dip in numbers at 
minimum landings size. This suggests that the raising procedure in the discard programme may introduce a 
bias due to the different raising methods for discards (by volume) and landings (by weight). The discard 
sampling programme itself may also have problems of bias by the way in which scientists are invited to sea. 
The ships sampled during the programme are not chosen at random, but are a small subset of ships that are 
prepared to take observers. Unpublished information from Northern Ireland suggests that many ships with high 
discarding rates are not prepared to take part in discarding studies (Dr R Briggs, Department of Agriculture for 
Northern Ireland). 
 
The analysis presented in this report focussed on two types of data and models: (1) linear models for age-
based comparisons between discards and surveys, and (2) logistic models for length-based comparisons. The 
age-based models showed that there were significant relationships between survey catches and the numbers 
discarded for some age groups. The age based models that were significant showed relationships between the 
discards data and the BTS data from that year. However, the relationships had low correlative strengths. It is 
clear that the low R² values (explaining 8 to 62% of the variance) imply poor predictive power.  
 
The characteristics of sole discarding were easier to quantify than for plaice. This could be for two reasons; 1) 
that less data resulted in no strong signals to model, or 2) that the fishery is primarily aimed at sole, and gear 
and discarding practices lead to the compliance of the selectivity to the minimum landed size (Figures 9, 10 
and 11). However the modelling of plaice discards has higher priority in terms of reconstructing the discards 
data series. A positive result, with regard to the validity of the methods, was that the landed proportion from the 
discard sampling programme did not differ significantly from the market sampling (Table 10, Figure 12). This 
means that the discards data collection and raising procedures are relatively robust. 
 
The age-based models do not account for changes in spatial distributions or the offshore movement of younger 
fish as they grow (Van Keeken et al., 2004). The spatial nature of the data was fixed for this analysis, i.e. only 
samples from the same ICES rectangle were included and the linear models were analysed within the same 
ICES rectangles and not between them. Therefore tracing back of yearclass effects was only relevant within 
each ICES rectangle. This assumption may have been too strict since it is unlikely that discarding patterns in 
the current year would be related to the survey abundance that same rectangle in another year. A better 
approach would have been to link the abundance at younger ages in the inshore regions with the older ages in 
the offshore regions. This requires a robust and well-tested spatial distribution model, which is a long-term 
objective of the discard sampling programme but was outside the bounds and resources of this project.  
 
At the methodological level, the age-based approach may experience statistical problems due to co-linearity. 
The way the surveys are designed, you would expect the number of fish at each age in each survey to be 
correlated throughout the time series; in the same way the cohorts of fish between years should also be 
correlated. This actually breaks one of the assumptions about the linear models; that the variables are 
independent. Further development of this approach should account for the problem of co-linearity. 
Two versions of the length-based models were explored: one with the second and third powers included and 
one where they were excluded. The results of the latter model are considered more informative and indicate 
that as expected small fish were caught more in the surveys than in the commercial catch. There was quite a 
sharp change in the selectivity from survey to commercial as the length of the fish increased. Because the 
fishery mainly targets sole, the selection curve had a sharp slope at minimum landings size for sole, but not for 
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plaice. The results of the polynomial model are very sensitive to noise in the data and give erratic results. 
Figure 12-14 indicates that all surveys catch more of the very small plaice and sole than in the discards 
sampling. However, in some years the BTS appears to have a higher catchability for plaice and sole relative to 
the discards programme, which is shown by the curve reaching the 50% fraction beyond the minimum landing 
size. This phenomenon cannot yet be explained.  
 
Outstanding problems in the length-based approach are the strong year effects in plaice and the steepness of 
the selection curves. The year effects limit the predictive potential of the models. It is therefore important to 
make data sets available with discard sampling information from older years for analysis, so that more 
comparisons can be made. The steepness of the selection curves for the SNS, DFS and market sampling 
indicate that slight changes in length would have a dramatic effect on the selectivity between discards data and 
the auxilliary source. This again could reduce the predictive ability of the models. The selectivity curves are 
less steep for the BTS, so this survey could be the better choice to explore further.  
 
The significant year effects in the length-based models may have implications for the use of surveys in stock 
assessments. Variability in the relationship between surveys and catch data are expected and assumed to be 
random in most stock assessment models. Should trends or cyclical patterns appear in the year effects then 
their incorporation into the stock assessment models needs to be reassessed or adjusted. Changing 
catchability and the failure to reconcile catch data with survey results, is already being cited as a cause of the 
retrospective patterns frequently observed in stock assessments. The year effects need to be monitored and 
the development of longer time series will aid such analysis. 
 
The two methods used to analyse the relationships between discards data and auxilliary data show potential 
for further development. When comparing the age and length based methods, it is important to consider which 
would be the most applicable in a stock assessment scenario. The assessments of plaice and sole are carried 
out on an age basis, but discarding rates are mostly influenced by size (van Keeken et al, 2003). Therefore, it 
would probably be the easiest process to recreate the size structure of the population first, and then apply an 
age length key to those data.  
 
In this project we have not been able to create a new time series of discards. Therefore the effects of discards 
on the stock assessments could not be explored on the basis of a new discards series. Previous explorations 
of the effects of discarding on the stock assessments of plaice have indicated that the outcome of the model 
may be very sensitive to including discards, especially when levels of discarding change over time  (Casey, 
1993; Kraak et al., 2002; van Keeken et al., 2003, Dingsor, 2003). If discarding is constant, then the effect is a 
problem of the scaling of the level of biomass (Kraak et al., 2002). If discarding shows a trend, or is erratically 
variable then the estimation of fishing mortality (F) will be problematic. It is thought that changes in discarding 
could be responsible for retrospective patterns in stock assessments en the related failures in catch forecasts.  
 
 
 
To summarize, this project has shown that: 
1. Relationships exist between survey and discard catches at certain ages. The relationships were not 
strong enough to create discards estimates for those years when there was no discards sampling.  
2. Length frequencies can be compared between discard sampling programmes and surveys or market 
sampling, but the presence of year effects indicates that they cannot yet be used for the creation of 
discard time series.  
3. The data used for this analysis are likely to have been too restrictive in space (ICES rectangles) and 
time (just 1999-2001) to allow for a conclusive investigation of the relationships between discard 
sampling and auxilliary data. 
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Tables 
 
Table 1. Number of trips sampled for discards, mean sampling duration (hours per trip) and percentage of the 
total fleet effort covered by the sampled trips per quarter over 1999-2002. 
Year Quarter Number trips Mean duration Fleet coverage 
1999 1 0 - - 
 2 0 - - 
 3 1 71 0.05% 
 4 2 78 0.12% 
2000 1 3 82 0.14% 
 2 5 92 0.24% 
 3 3 79 0.15% 
 4 2 75 0.27% 
2001 1 2 70 0.12% 
 2 2 85 0.13% 
 3 0 - - 
 4 0 - - 
2002 1 2 75 0.10% 
 2 2 72 0.12% 
 3 1 61 0.05% 
 4 1 75 0.06% 
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Table 2. Plaice. Number of hauls sampled for discards and landings for the discard sampling programme, 
number of trips sampled for the market sampling programme and number of hauls sampled for BTS, SNS and 
DFS survey per quarter. 
Year Quarter Discards 
sampling: 
discards 
Discards 
sampling: 
landings 
Market BTS 
survey 
SNS 
survey 
DFS 
survey 
1999 3 42 75 16 151 56 213 
 4 23 26 15    
2000 1 78 43 26    
 2 154 87 21    
 3 87 37 17 152 55 272 
 4 61 27 18    
2001 1 57 40 21    
 2 70 38 16    
2002 1 51 40 27    
 2 68 32 16    
 3 20 12 18 159 48 265 
 4 30 23 18    
 
Table 3. Sole. Number of hauls sampled for discard and landings for the discard sampling programme, 
number of trips sampled for the market sampling project and number of hauls sampled for BTS, SNS and DFS 
survey per quarter.  
Year Quarter Discards 
sampling: 
discards 
Discards 
sampling: 
landings 
Market BTS 
survey 
SNS 
survey 
DFS 
survey 
1999 3 24 73 15 99 49 172 
1999 4 13 24 13    
2000 1 69 45 13    
2000 2 54 94 23    
2000 3 32 49 16 89 43 175 
2000 4 39 18 15    
2001 1 25 22 16    
2001 2 23  21    
2002 1 20 13 17    
2002 2 13 32 25    
2002 3 1 9 14 92 36 215 
2002 4 29 15 17    
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Table 4. Linear model. Number of samples for the analysis of the numbers discarded per age group. Numbers 
are the number of hauls that were sampled in the discard sampling trips in which an age group was discarded.  
Age Plaice Sole 
0 74 30 
1 63 29 
2 56 26 
3 56 26 
4 56 26 
 
Table 5. Linear model. Results of the analysis to explain the discarding of age groups 0-4 by the catches of 
these age groups in the surveys in the same year (y) and previous years (y-1, y-2, y-3, y-4). 
Species Age Model Parameters R2 
Plaice 0 No significant model - - 
 1 Area + Btsy N=0.20+Areai + 0.19 x Btsy 0.20 
 2 No significant model - - 
 3 No significant model -  
 4 Area + Btsy + Btsy-2 N=-0.89 + Areai + 0.17 x Btsy + 0.03 x Btsy-2 0.621 
     
Sole 0 No significant model - - 
 1 Btsy N=-0.11 + 0.055 x Btsy 0.25 
 2 Btsy N=0.62 + 0.115 x Btsy 0.08 
 3 Btsy N=0.05 + 0.052 x Btsy 0.14 
 4 No significant model -  
 
 
 
 
 
                                                     
1 The plot of the model for age 4 plaice from the BTS data is a three dimensional plot, with the catch of the 
BTS in year (y) on the x-axis, the catch in year (y-2) on the y-axis and the predicted number of discards on the 
z-axis. This plot is difficult to interpret and therefore not shown in the report. 
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Table 6. Logistic model. Number of hauls available for analysis from surveys in the third quarter that were 
executed in the same ICES rectangle as hauls sampled for the discard sampling programme. In 2001 no 
discard trips were sampled in the third quarter. 
Survey  Plaice  Sole 
  Hauls ICES rectangles  Hauls ICES rectangles 
BTS 1999 67 10  35 7 
 2000 52 8  17 3 
 2001 0 0  0 0 
 2002 19 3  0 0 
 Total 138   52  
       
SNS 1999 29 5  23 2 
 2000 4 1  0 0 
 2001 0 0  0 0 
 2002 2 1  0 0 
 Total 35   23  
       
DFS 1999 24 2  20 2 
 2000 30 1  27 1 
 2001 0 0  0 0 
 2002 0 0  0 0 
 Total 54   47  
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Table 7. Logistic model. Results from the analysis for plaice and sole. Significant terms are printed bold. R2 is 
the fraction of deviance (variance) explained by the model; N is the number of observations (length classes 
with duplicate hauls). 
Survey  Source Deviance DF χ2 Pr>χ2 
BTS Plaice Intercept 990    
 R2=0.36 Year 930 2 59.94 <0.0001 
 N=530 L 726 1 203.75 <0.0001 
  L2 640 1 86.23 <0.0001 
  L3 636 1 3.86 0.0495 
       
 Sole Intercept 104    
 R2=0.63 Year 72 1 32.04 <0.0001 
 N=178 L 43 1 28.88 <0.0001 
  L2 38 1 4.89 0.0271 
  L3 37 1 0.84 0.3596 
SNS Plaice Intercept 775    
 R2=0.75 Year 676 2 99.19 <0.0001 
 N=117 L 264 1 411.60 <0.0001 
  L2 197 1 67.61 <0.0001 
  L3 190 1 6.82 0.0090 
       
 Sole Intercept 59    
 R2=0.82 Year 59 0 0 . 
 N=44 L 11 1 48.28 <0.0001 
  L2 8 1 2.43 0.1193 
  L3 8 1 0.50 0.4809 
DFS Plaice Intercept 1123    
 R2=0.99 Year 116 1 7.54 0.0060 
 N=80 L 36 1 1079.35 <0.0001 
  L2 16 1 20.63 <0.0001 
  L3 13 1 2.96 <0.0852 
       
 Sole Intercept 107    
 R2=0.90 Year 103 1 3.72 0.0538 
 N=65 L 13 1 90.07 <0.0001 
  L2 5 1 8.16 0.0043 
  L3 5 1 0.28 0.5983 
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Table 8. Logistic model. Number of samples from the market and discard sampling programme that were 
collected from the same area. An area comprised four ICES rectangles. 
 Year Market Discard trips 
Plaice 1999 6 8 
 2000 25 119 
 2002 20 77 
 Total 51 204 
    
Sole 1999 6 8 
 2000 17 45 
 2002 25 30 
 Total 48 83 
 
Table 9. Logistic model. Results for market data and landings data from discard trips of fish above the 
minimum landing size only (discards left out of the analysis). None of the terms was significant. 
Species Source Deviance DF χ2 Pr>χ2 
Plaice Intercept 46    
R2=0.36 Year 44 2 1.3 0.5225 
 Quarter 41 3 3.7 0.2961 
 L 41 1 0.0 0.9168 
 L2 41 1 0.0 0.8456 
 L3 40 1 0.2 0.6284 
      
Sole Intercept 23    
R2=0.63 Year 22 2 0.8 0.6674 
 Quarter 15 3 7.0 0.0731 
 L 15 1 0.2 0.6285 
 L2 15 1 0.0 0.8835 
 L3 15 1 0.0 0.9653 
 
 
Table 10. Logistic model. Results for market data and landings and discard data from discard trips.  
Species Source Deviance DF χ2 Pr>χ2 
Plaice Intercept 320    
R2=0.36 Year 288 2 31.8 <0.0001 
 Quarter 275 3 13.7 0.0034 
 L 135 1 139.6 <0.0001 
 L2 84 1 50.59 <0.0001 
 L3 66 1 18.25 <0.0001 
      
Sole Intercept 41    
R2=0.63 Year 40 2 1.3 0.5302 
 Quarter 30 3 10.2 0.0173 
 L 26 1 4.0 0.0456 
 L2 21 1 5.4 0.0205 
 L3 18 1 3.1 0.0783 
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Figures 
 
Figure 1.1. Number of hauls per ICES rectangle per quarter sampled for discards data in 1999. 
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Figure 1.2. Number of hauls per ICES rectangle per quarter sampled for discards data in 2000. 
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Figure 1.3. Number of hauls per ICES rectangle per quarter sampled for discards data in 2001. 
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Figure 1.4. Number of hauls per ICES rectangle per quarter sampled for discards data in 2002. 
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Figure 1.5. Number of trips per ICES rectangle per quarter sampled for market data in 1999. 
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Figure 1.6. Number of trips per ICES rectangle per quarter sampled for market data in 2000. 
 
 
 
Page 34 of 52 RIVO report C024/04 
 
 
 
 
Figure 1.7. Number of trips per ICES rectangle per quarter sampled for market data in 2001. 
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Figure 1.8. Number of trips per ICES rectangle per quarter sampled for market data in 2002. 
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Figure 1.9. Number of hauls per ICES rectangle over 1999-2002 sampled for the BTS in quarter 3. 
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Figure 1.10. Number of hauls per ICES rectangle over 1999-2002 sampled for the SNS in quarter 3. 
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Figure 1.11. Number of hauls per ICES rectangle over 1999-2002 sampled for the DFS in quarter 3. 
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Figure 1.12. Number of hauls per ICES rectangle over 1999-2002 sampled for the DFS in quarter 4. 
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Figure 2. Length-frequency distributions for plaice. Numbers per ha (log transformed) per length per quarter 
and year for discard trip (discards and landings), market and survey data. 
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Figure 3. Length-frequency distributions for sole. Numbers per ha (log transformed) per length per quarter and 
year for discard trip (discards and landings), market and survey data. 
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Figure 4. Relationship between the discarding of 1-group plaice in the discard trips (y-axis, ± 95 % c.l. of the 
mean) and the catch of 1-group plaice in the BTS in the same area and year (x-axis). Data plotted for one 
area.  
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Figure 5. Relationship between the discarding of 1-group sole in the discard trips (y-axis, ± 95 % c.l. of the 
mean) and the catch of 1-group sole in the BTS in the same area and year (x-axis). Data plotted for all areas 
because the relationship did not differ significantly among areas. 
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Figure 6. Relationship between the discarding of 2-group sole in the discard trips (y-axis, ± 95 % c.l. of the 
mean) and the catch of 2-group sole in the BTS in the same area and year (x-axis). Data plotted for all areas 
because the relationship did not differ significantly among areas. 
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Figure 7. Relationship between the discarding of 3-group sole in the discard trips (y-axis, ± 95 % c.l. of the 
mean) and the catch of 3-group sole in the BTS in the same area and year (x-axis). Data plotted for all areas 
because the relationship did not differ significantly among areas. 
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Figure 8. Average length-frequency distributions of plaice and sole in surveys (grey lines) and discard 
sampling trips (black lines) averaged over years and ICES rectangles. Data were only from ICES rectangles 
where both the surveys and the discard sampling trips were executed. Catch (numbers per hectare) on the left 
y-axis, length (cm) on the x-axis and the fraction of the total catch that was caught in the discard sampling trips 
on the right y-axis. The vertical hatched lines indicate the minimum landing sizes of 27 cm for plaice and 24 cm 
for sole; the plusses (‘+’) indicate the curve representing the proportion of fish caught in the discard trips of the 
total number of fish caught in the discard trips plus the surveys. The horizontal hatched line indicates the point 
above which more fish were caught in the discard sampling trips than in the surveys. 
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Figure 9. BTS and discard sampling trips; selection curves for plaice and sole with model predictions and 95 % 
confidence limits (dashed lines) for each year. The vertical hatched line indicates the minimum landing size (27 
cm for plaice and 24 cm for sole), the horizontal hatched line indicates the values above which more fish were 
caught in the discard trips and below which more fish were caught in the survey. For sole in 2002 no data from 
discard trips were available for the analysis. 
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Figure 10. SNS and discard trips; selection curves for plaice and sole with model predictions and 95 % 
confidence limits (dashed lines) for each year. For sole in 2000 and 2002 no data from discard trips were 
available for the analysis. Legend as in Figure 9. 
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Figure 11. DFS and discard trips; selection curves for plaice and sole with model predictions and 95 % 
confidence limits (dashed lines) for each year. Legend as in Figure 9. 
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Figure 12. BTS and discard trips; adapted selection curves with narrower confidence limits due to the removal 
of the quadratic (l2) and polynomial terms (l3). R2=27 % for plaice and R2= 59 % for sole. 
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Figure 13. SNS and discard trips; adapted selection curves for discards and SNS with narrower confidence 
limits due to the removal of the quadratic (l2) and polynomial terms (l3). R2=66 % for plaice and R2= 82 % for 
sole. 
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Figure 14. DFS and discard trips; adapted selection curves for discards and DFS with narrower confidence 
limits due to the removal of the quadratic (l2) and polynomial terms (l3). R2=97 % for plaice and R2= 88 % for 
sole. 
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Figure 15. Length-frequency distributions of plaice and sole in market samples (grey lines) and all catches 
from discard trips (black lines) averaged over years and ICES rectangles. Data are only from ICES rectangles 
where both the market samples were collected and the discard trips were conducted. Catch (numbers per 
hectare) on the left y-axis, length (cm) on the x-axis and fraction on the right y-axis. The vertical hatched lines 
indicate the minimum landing sizes of plaice (27 cm); the plusses (‘+’) indicate the selection curve; the fraction 
of the total catch that is caught in the discard trips. 
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Figure 16. Market samples and discard trips; selection curves for plaice and sole with model predictions and 
95 % confidence limits (dashed lines) for each year. The vertical hatched line indicates the minimum landing 
size (27 cm for plaice and 24 cm for sole), the horizontal hatched line indicates the values above which more 
fish were caught in the discard trips and below which more fish were caught in the market sample.  
 
 
 
 
 
 
 
 
